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http:WHAT THIS PAPER ADDS
This paper analyses spinal cord ischemia (SCI) after thoracoabdominal EVAR. It suggests that SCI development is
associated with more extensive repairs, but not with the acuteness of the operation. Moreover, it shows the
positive impact of the use of standardized post-operative protocols for the early detection and treatment of spinal
cord ischemia. Finally, it reinforces the need of ﬁnding more strategies for preventing this serious complication.Objective: To analyze the incidence and short-term outcome of SCI after endovascular repair of
thoracoabdominal aneurysms (eTAAA).
Methods: All patients undergoing eTAAA with branched and fenestrated stent grafts between 2008 and 2014
were retrospectively reviewed concerning pre-, intra- and post-operative clinical data and imaging.
Results: Seventy-two patients (53 males, 68 [64e73] years old) underwent eTAAA (51 elective, 21 acute including
7 ruptures). Patients were classiﬁed anatomically according to Crawford: type I (n¼11), type II (n¼26), type III
(n¼18), and type IV (n¼17). Thirty-day mortality was 6.9 % (3.9% for elective, 7.1% for symptomatic and 28.6%
for ruptures, including one intra-operative death). Twenty-two of the 71 patients who survived the operation
(31.0%) developed SCI: type I (n¼2, 20.0%), type II (n¼13, 50.0 %), type III (n¼3, 16.7%), type IV (n¼4, 23.5%).
SCI incidence decreased in the latter part of the experience (23.7% vs. 39.4%, p ¼ .201). SCI development was
independently associated with Crawford type II TAAA (OR 4.497 (1.331e15.195), p ¼ .016) and higher contrast
volume (OR 3.736 [1.054e13.242], p ¼ .041). Fifteen of these 22 patients with SCI showed some improvement of
their deﬁcits before hospital discharge. The introduction of a standardized protocol in the last 38 patients aiming
at the early diagnosis and treatment of SCI led to more frequent regression of SCI symptoms (100% vs. 46.2%,
p ¼ .017) and a higher rate of regaining ambulatory capacity (55.6% vs. 15.4%, p ¼ .027). After the introduction
of this protocol, the residual SCI rate at hospital discharge was 13.2% as opposed to 33.3% in the initial group.
Conclusion: eTAAA has low peri-operative mortality, but SCI incidence is high albeit that it decreased with
increasing experience. More extensive repair and use of larger volumes of contrast were associated with higher
risk of SCI. Acute repair does not signiﬁcantly increase SCI risk. A standardized protocol for early diagnosis and
treatment of SCI leads to a higher recovery rate with a greater likelihood of regaining ambulatory capacity.
 2015 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Endovascular aneurysm repair of thoracoabdominal aneu-
rysms (eTAAA) has shown good results making it an alter-
native to open repair in experienced centers.1 However,
spinal cord ischemia (SCI) after eTAAA remains a major
complication of the technique, with an incidence ranging
from 0 to 30%.2 In addition, there seem to be signiﬁcant
differences in recovery rates from SCI depending on theof original article: http://dx.doi.org/10.1016/j.ejvs.2015.01.003
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//dx.doi.org/10.1016/j.ejvs.2014.12.034initial degree of the neurological deﬁcit and on the outcome
of patients depending on the residual symptoms.3e5 Several
strategies have been proposed to reduce SCI after eTAAA,
including cerebrospinal ﬂuid (CSF) drainage, optimizing
blood pressure, and procedure staging.
The purpose of this article is to evaluate the short-term
outcome after eTAAA focusing on SCI. Furthermore, the
effect of the introduction of a standardized peri-operative
protocol to allow early diagnosis and treatment of SCI is
also assessed.
METHODS
Patients and deﬁnitions
All patients who underwent endovascular TAAA repair with
branched and/or fenestrated stent grafts at a single tertiary
404 N.V. Dias et al.university centre between 2008 and July 2014, were iden-
tiﬁed from the hospital registries. Patient charts and im-
aging were retrospectively reviewed according to a pre-set
protocol based on the reporting standards for endovascular
aneurysm treatment of abdominal and thoracic aortic an-
eurysms.6 Procedures were classiﬁed as elective or acute
(symptomatic and ruptured). Aneurysms were classiﬁed
according to the Crawford classiﬁcation grading the anat-
omy and not the endovascular repair. Technical success was
deﬁned according to the reporting standards,6 including the
patency of the visceral branches and/or fenestrations and
the absence of type I and III endoleaks. In addition, all
moderate and severe complications were included.6
Imaging
All patients underwent pre- and post-operative thin slice
contrast enhanced computer tomography (CTA). Aneurysm
diameter was measured on axial imaging using the
perpendicular to the larger diameter in cases of elliptical
appearance to avoid overestimation of size because of
vessel tortuosity. Signiﬁcant stenosis was assumed when-
ever the stenosis was >50 %. Hypogastric occlusion for the
regression model was assumed whenever one of these
arteries was occluded.
Endovascular procedure
eTAAA was done under general anesthesia in a hybrid
operation room (Siemens, Erlangen, Germany). Iodine
contrast was routinely used, except for SMA and celiac
trunk visualization where CO2 was used. Since 2013, 2D-3D
imaging fusion has been used in all cases.7 Arterial access
was obtained from the right axillary artery and both femoral
arteries. Stent grafts incorporating branches, fenestrations,
or a combination of both (Cook Inc, Bloomington, IN, USA)
were used according to what was considered most appro-
priate to the patient’s anatomy. Both the procedure and
stent grafts have been described in detail previously.8 To
limit the ischemic time of the lower limbs and development
of post operative reperfusion injury, the large femoral
sheaths used for stentgraft delivery were removed as soon
as all the main aortic stent grafts had been deployed and
fenestrations were mated with the respective target ar-
teries by means of balloon expandable covered stents. The
connection of the caudally oriented branches to their
respective target arteries was done as the ﬁnal step of the
procedure from an axillary approach using self expanding
covered stents. The left subclavian artery was revascularized
whenever it had to be covered to achieve an adequate
proximal seal.
Spinal cord ischemia and protection protocol
A CSF drain was inserted in the operating theatre before the
induction of anesthesia. Contraindications to drain insertion
were assessed by the anesthetic staff and included non-
corrected coagulopathies, previous major spinal surgery,
and symptomatic spinal stenosis. Passive CSF drainage at
10 cm H2O was routinely used for non-emergent patientsand maintained for 36e48 hours in the absence of SCI
symptoms. The development of clinical signs of SCI
prompted prolonged CSF drainage up to 5 days. CSF
drainage volume was limited to 15 mL/h and the mean
arterial pressure (MAP) was maintained above 80 mmHg in
asymptomatic patients. Clinical signs of SCI during the post-
operative phase prompted more aggressive management:
1) a decrease in the CSF drainage pressure level to maximize
the drainage volume up 15 mL/h; 2) increase of MAP
pharmacologically to 90e100 mmHg; and 3) hemoglobin
level maintained or raised to above 120 g/L. Whenever SCI
was suspected, a CT scan of the head and spine was per-
formed to exclude a cerebral event or spinal hematoma. An
independent neurologist established the diagnosis and
outcome of SCI. Regression of symptoms was deﬁned as
partial or complete compared with the clinical symptoms at
the time when the SCI diagnosis was made. The SCI deﬁcit
level was categorized into ambulatory or non-ambulatory
on hospital discharge. Since March 2014, all defects iden-
tiﬁed on the coagulation study (ROTEM, Tem International
Gmbh, Germany) have been corrected on exclusion of
the aneurysm with the aid of plasma and/or platelet
transfusions.
All patients stayed in the intensive care unit at least while
CSF drainage was being used. Initially in this series, patients
were clinically assessed on an individual basis, but since
March 2012 a standardized protocol has been introduced
aiming at an early diagnosis of any SCI deﬁcits. This consists
of hourly control of the neurological status during the ﬁrst
48 post-operative hours and immediate implementation of
the above mentioned measures to counteract any possible
SCI. Since January 2014 motor evoked potential monitoring
(MEP) has been used with test occlusion of the last side
branch before the exclusion of the aneurysm to evaluate
spinal cord perfusion and provide the possibility of leaving
a perfusion branch open.9 No speciﬁc spinal perfusion
branches were incorporated in the design of the stentgrafts
used in these patients.Statistical analysis
Normal distribution was not assumed and values are pre-
sented as medians with interquartile ranges within paren-
theses. Chi-square tests with exact approximation and
ManneWhitney U tests were used. Non-parametric corre-
lation according to Spearman test was used. Logistic
regression was used to evaluate associations with SCI
development. All variables with p values < .10 or theoret-
ically or previously related to SCI, were included in the
model. The exceptions were variables clearly related in-
between themselves (dependent), where only the most
representative were introduced into the regression model
after assessing the relationship between them. Continuous
variables were introduced into the model as dichotomous
variables using their median as cut off for creating two
groups. Odds ratios are presented with 95% conﬁdence
intervals in parentheses. Exact p values are presented and
were considered signiﬁcant whenever < .05. Statistical
Table 2. Aneurysm characteristics.
n (%) or median (IQR)
Clinical presentation
Asymptomatic 51 (70.8)
Symptomatic 14 (19.4)
Rupture 7 (9.7)
Anatomical variables
Crawford type
I 11 (15.3)
II 26 (36.1)
III 18 (25.0)
IV 17 (23.6)
Aneurysm diameter (mm) 66 (62e75)
Occluded left subclavian artery 1 (1.4)
Occluded hypogastric arteries
Unilateral 9 (12.5)
Bilateral 1 (1.4)
Short-term Outcome of Spinal Cord Ischemia 405analysis was done with SPSS 22.0 (IBM Inc, Chicago, IL,
USA).
RESULTS
Patient details
Seventy-two patients (53 males, IQR 68 [64e73] years old)
underwent eTAAA. Fifty-one procedures were done elec-
tively, while 21 were done acutely or emergently because of
symptomatic (n ¼ 14) or ruptured (n ¼ 7) aneurysms. The
pre-operative anatomy of the aneurysms was classiﬁed ac-
cording to Crawford as: 11 (15.3%) type I, 26 (36.1%) type II,
18 (25%) type III, and 17 (23.6%) type IV. Pre-operatively,
hypogastric arteries were occluded on one side in nine
patients (12.5%) and one patient had bilateral occlusion
(1.4%). In the remaining 62 patients the arteries were
patent bilaterally, although ﬁve had signiﬁcant unilateral
stenosis. Patient and aneurysm characteristics are given in
Tables 1 and 2.Table 3. Intra-operative details and early results.
n (%) or
median (IQR)
Number visceral arteries included
in repair
4 (4e4)
CSF drainageIntra-operative details and early results
eTAAA incorporated a total of 276 visceral target arteries,
with a median of four arteries per patient. Left subclavian
artery patency was maintained in all cases, except one who
had a pre-operatively occluded artery. To achieve this, three
left carotid-subclavian bypasses were done, one of which
was pre-operative. Hypogastric artery patency was main-
tained bilaterally in 58 patients (80.6%) and unilaterally in
13 (18.1%). One patient already had pre-operative occlusion
of both hypogastric arteries. Four iliac branched grafts were
used. Three hypogastric arteries were embolized intra-
operatively, two of which were already stenotic pre-
operatively. In one patient the hypogastric was acciden-
tally covered during eTAAA. The primary technical success
rate was 93.1%. Technical failure occurred in ﬁve patients.
In three, the covered mating stents could not be placed into
the target arteries. The arteries, two renal and one celiac,
were embolized. In one case, a renal artery was dissected
by a wire. This was treated with a distal self expanding stent
extension with a good angiographic result, but an occlusionTable 1. Patient characteristics.
n (%) or median (IQR)
Male gender 53 (73.7)
Age, years (median) 68 (64e73)
Smoking
Current 32 (44.4)
Previous 28 (38.9)
Hypertension 61 (84.7)
COPD 31 (43.1)
Myocardial infarction 24 (33.3)
Congestive heart disease 12 (16.7)
Diabetes 13 (18.1)
Cerebrovascular disease 8 (11.3)
Previous aortic surgery 41 (56.9)
BMI, kg/m2 26 (23e30)
Absolute GFR, mL/min 65 (54e80)
Absolute GFR < 60 mL/min 30 (41.7)was seen on the completion aortography. The ﬁfth technical
failure was a patient with a contained aneurysm rupture
who experienced re-rupture during the procedure, and this
patient died intra-operatively. Five patients died within 30
days of the operation (6.9%). Two (2/51, 3.9%) of these
patients had undergone an elective eTAAA, while the
remaining three had been done acutely (1/14 [7.1%]
symptomatic and 2/7 [28.6%] ruptures, including the one
mentioned above). Details concerning the intra- and early
post-operative course can be found in Table 3.
Spinal cord ischemia
Sixty-two patients received prophylactic CSF drainage (44/51
elective and 18/21 acute eTAAA). Ten patients did not have aProphylactic 62 (86.1)
On demand
(upon symptom development)
2 (2.8)
No 8 (11.1)
Operation time, min 412 (335e521)
Intra-operative bleeding, mL 1,200 (600e2,500)
Contrast volume, mL 276 (192e338)
Iodine dose, g 42 (30e56)
Fluoroscopy time, min 121 (94e153)
Radiation, mGym2 55,167 (36,290e86,441)
Intra-operative carotid left
subclavian artery bypass
5 (6.9)
Primary technical success 67 (93.1)
30 day mortality 5 (6.9)
Asymptomatic 2 (3.9)
Symptomatic 1 (7.1)
Ruptured 2 (28.6)
Complications 46 (63.9)
Complications except SCI 42 (59.2)
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contraindications for drain placement. Two of these patients
received a CSF drain post-operatively because of signs of SCI.
One elective patient had no regression of the symptoms,
while the other patient (acute) showed improvement in the
deﬁcit. Eight patients had no SCI post-operatively (6 elective
and 2 acute eTAAA). Nine of the 64 patients with CSF
drainage (14 %) experienced complications related to the
drains (3 subarachnoid bleeding, 2 subdural hematomas, 1
epidural hematoma, 2 meningitis, and 1 para-lumbar infec-
tion). One subdural and one epidural hematoma required
surgical intervention and both occurred in the ﬁrst part of
the study before March 2012. All the other complications
were treated medically. CSF drainage-related complications
were less common in the latter part of the study (5.7% vs.
24.1%, p ¼ .067). The two complications in the latter part of
the experience were a minor subarachnoid bleed and a mi-
nor infection that were treated non-invasively and did not
have any long-term consequences.
Twenty-two (31.0%) of the 71 patients surviving the
operation developed post-operative SCI. SCI was more
common after repair of Crawford type II aneurysms (n ¼ 13,
50%) than the other types of TAAA (p ¼ .015, Table 4).
Another pre-operative anatomic feature associated with the
development of SCI was hypogastric occlusion, although
this did not reach statistical signiﬁcance (p ¼ .266). Intra-
operative variables associated with the subsequent devel-
opment of SCI were the operating time (p ¼ .009), intra-
operative bleeding (p ¼ .004), contrast volume use
(p ¼ .001), iodine dose (p ¼ .008), and radiation doseTable 4. Spinal cord ischemia.
SCI
Previous aortic surgery 11 (26.8)
Crawford
I 2 (20.0)
II 13 (50.0)
III 3 (16.7)
IV 4 (23.5)
Hypogastric occlusion
Pre-operative 5 (22.7)
Post-operative 6 (27.3)
Elective/acute repair 15 (29.4)/7 (35.0)
Operation time, min 470 (404e547)
Intra-operative bleeding, mL 2,050 (1,075e4,425)
Contrast volume, mL 322 (279e389)
Iodine dose, g 53 (39e62)
Fluoroscopy time, min 122 (102e172)
Radiation, mGym2 71,257 (45,643e93,7
CO2 use intra-operatively 20 (33.9)
Primary technical success 20 (29.9)
Post-operative
Absolute GFR increase, %a 45 (33e84)
Atrial ﬁbrillation 7 (63.6)
Lower limb fasciotomy 3 (100)
Standardized SCI observation
Yes 9 (23.7)
No 13 (39.4)
a Percent in relation to the pre-operative absolute GFR.(p ¼ .039). All these variables were positively correlated
with each other (Table S1, online supplementary material).
Occlusion of the hypogastric arteries after eTAAA was not
signiﬁcantly associated with SCI development (p ¼ .339).
The incidence of SCI was lower after the introduction of a
peri-operative standardized SCI protocol, that is it
decreased in the latter part of the study (after March 2012),
but this did not reach statistical signiﬁcance (23.7% vs.
39.4%, p ¼ .201, Table 4). Patients undergoing eTAAA in the
last part of the study received less contrast volume, iodine
dose, and radiation (239 [128e299] mL vs. 308 [248e365]
mL, p ¼ .001; 33 [18e43] g vs. 51 [42e65] g, p < .0001;
47,669 [34,554e73,703] mGym2 vs. 63,891 [37,982e
98,280] mGym2, p ¼ .040). The acute nature of the proce-
dure did not signiﬁcantly increase the development of post-
operative SCI (p ¼ .78, Table 4). On the contrary, SCI was
associated with a higher GFR increase post-operatively
compared with the pre-operative GFR (p ¼ .001), higher
incidence of atrial ﬁbrillation (p ¼ .031), and the need for
lower limb fasciotomy (p ¼ .028). As expected, the increase
in GFR was negatively correlated with the intra-operative
iodine dose, but with a correlation factor of only .310
(p ¼ .009). Five patients had MEP monitoring during eTAAA.
No changes in MEPs were seen during balloon occlusion so
no peri-operative staging has been done to date. None of
these patients developed SCI during the post-operative
period. Regression analysis of the pre- and intra-operative
relevant factors for the subsequent development of SCI
conﬁrmed the importance of Crawford type II classiﬁcation
(OR 4.497) and contrast volume (OR 3.736). HypogastricNo SCI p
30 (73.2) .441
.068
8 (80.0)
13 (50.0) .015
15 (83.3)
13 (76.5)
5 (10.2) .161
8 (16.3) .339
36 (70.6)/13 (65.0) .776
392 (308e461) .009
1000 (525e1700) .004
244 (180e298) .001
39 (25e50) .008
120 (88e142) .263
38) 50,646 (34,526e76,247) .039
39 (66.1) .319
47 (70.1) .583
22 (1e42) .001
4 (36.4) .031
0 (0) .028
29 (76.3) .201
20 (60.6)
Short-term Outcome of Spinal Cord Ischemia 407occlusion (OR 2.089 [0.408e10.709], p ¼ .377), operation
time (OR 1.464 [0.365e5.879], p ¼ .591) and intraoperative
bleeding (OR 2.462 [0.567e10.699], p ¼ .229) did not
independently inﬂuence the development of SCI.
Before discharge from the hospital, 15 of the 22 (68%)
patients with SCI showed some improvement of their def-
icits. The introduction of a standardized protocol for early
diagnosis of SCI (last 38 patients) led to universal
improvement of the neurological deﬁcits of the nine pa-
tients experiencing SCI during this period. In the early
period, SCI deﬁcits remained unchanged in seven (53.8%)
patients and only six (46.2%) showed some improvement
(p ¼ .017). Moreover, the protocol for early diagnosis of SCI
was also associated with a higher level of symptom
regression, with more patients regaining their ambulatory
capacity (p ¼ .027, Table 5). Consequently there were fewer
SCI residual symptoms on discharge from the hospital in all
patients in the latter period with the standardized SCI
diagnosis protocol compared with the ones before (13.2%
vs. 33.3%, p ¼ .051). This was seen throughout all Crawford
aneurysm types (Table 5), where in the latter part of the
study residual symptoms ranged from 0 in type IV TAAAs to
30% in type II.
DISCUSSION
This study reiterates the low peri-operative mortality of
eTAAA and the importance of SCI as the major complica-
tion. It suggests that increasing experience leads to a
decrease in the incidence of SCI and, more importantly,
shows that standardized protocols for the early diagnosis
and treatment of SCI increase the chances of symptom
regression with better functional status at discharge from
hospital.
Regression of SCI deﬁcits has been reported to have great
impact on the morbidity and mortality of aortic patients.3e5Table 5. Effect of a standardized protocol for early diagnosis of SCI.
Standardized protocol
for early SCI diagnosis
Yes
n ¼ 9/38
No
n ¼ 13/33
Degree of SCI symptoms regressiona
Complete 4 2
Partial 5 4
None 0 7
Residual symptomsb
Ambulatory 5c 2
Non-ambulatory 4 11
Crawford
All 5 (13.2) 11 (33.3)
I 1 (14.3) 1 (33.3)
II 3 (30.0) 8 (50.0)
III 1 (9.1) 1 (14.3)
IV 0 (0.0)d 1 (14.3)
a p ¼ .027.
b p ¼ .074.
c One patient needing minimal assistance.
d Out of 10 patients.For this reason, all strategies leading to a higher functional
improvement are of extreme importance. The present
ﬁndings suggest the positive impact of the introduction of a
standardized protocol for the early diagnosis of SCI with
subsequent intensiﬁcation of CSF drainage and increasing
the blood pressure and hemoglobin level. This most likely
optimizes the perfusion of the spinal cord thereby limiting
the ischemic time and the ischemic-reperfusion damage.10
CSF drainage was associated with a high rate of complica-
tions in the initial part of this study (24.1%). The reduction
of seriousness and frequency (5.7%) of the CSF drainage-
related complications to acceptable levels11 after the
introduction of the standardized peri-operative SCI protocol
may be a result of limitation of drainage volumes12 and
increased experience with the method. The reversibility of
the SCI deﬁcits has previously been related to the time of
onset. Deﬁcits evident immediately post-operatively seem
more resilient to regress,3,5 which may be related to an
already longstanding hypoperfusion during the eTAAA
procedure or an embolic origin.13 A similar important time
dependency may be present in the post-operative period as
the standardized protocol allowing an immediate diagnosis
of SCI symptoms seemed to lead to a signiﬁcantly higher
regression of the deﬁcits, with a tendency for a higher
ambulatory capacity. In addition, to avoid hypoperfusion,
the aim is to maintain mean arterial pressure above
80 mmHg. One may at times consider allowing even higher
pressures in patients with previously poorly controlled hy-
pertension, as they were used to higher perfusion pressures
pre-operatively. Moreover, in recent cases, MEP monitoring
with occlusion test of the last side branch has been used to
assess any possible SCI development before the exclusion
of the aneurysm.9 All cases had stable MEP so no peri-
operative staging was done. For this reason MEP moni-
toring should not have any inﬂuence on the current results.
In the present study, an association was found between
the extent of the aortic disease (Crawford type II TAAA) and
the occurrence of SCI. This relationship was maintained
even after the reduction in the incidence in the latter part
of the study where the residual symptoms ranged from
0 for type IV aneurysms to 30% in type II TAAAs. The rela-
tionship with extension of the aneurysm has been reported
previously, and is most likely related to the coverage of the
aorta and corresponding spinal cord blood supply. The
hypoperfusion of the spinal cord was initially thought to be
related to the coverage of the Adamkiewitz artery alone,
but more recent studies have suggested the importance of
the collateral network for spinal cord perfusion.14,15
Furthermore, experimental studies have suggested the
possibility for these collateral networks to compensate for
the hemodynamic changes within5 days of segmental oc-
clusion.16 This may be the reason behind the apparent
advantages of staging eTAAA,17,18 and consequently one of
the reasons behind the relatively high SCI rate as the pro-
cedures were not staged. The collateral network may also
be the reason behind the previously reported possible role
of hypogastric artery patency on the incidence of SCI,5,19
which in the present series did not reach statistical
408 N.V. Dias et al.signiﬁcance. The importance of maintaining the patency of
the left subclavian artery5,20 could not be assessed in this
series as, since all were revascularized, there were no
“negative” controls. The intra-operative volume of iodine
contrast used was also associated with development of SCI.
This could be a reﬂection of the technical complexity of
those eTAAA procedures, but it should be interpreted with
care as there may be a number of confounding factors. The
contrast volume use was signiﬁcantly lower in the latter
part of the study, which may be a reﬂection of the combi-
nation of the learning curve with eTAAA21 and the routine
use of 2D-3D image fusion in the most recent cases.7
However, the effects of the contrast volume seem to
reﬂect something beyond the technical experience and
adjunctive imaging techniques as this was statistically sig-
niﬁcant between the two time periods, as opposed to SCI
incidence which did not reach signiﬁcance.
One surprising ﬁnding of the present study was the
absence of a signiﬁcant negative inﬂuence of the acute
setting in SCI development, especially for ruptures as hy-
potensive periods had previously been associated with
SCI.5,22 The ﬁnding should, nevertheless, be interpreted
with care because signiﬁcant hemodynamic instability was
uncommon. Furthermore, often in the acute setting, eTAAA
is performed with the minimal aortic coverage needed to
provide short-term aneurysm exclusion. This is done to
decrease the complexity and aortic coverage of the repair
while solving the acute problem.
The high rate of SCI in this series needs some attention.
Although it decreased in the latter part of the study as
discussed above, it was still relatively high. This reiterates
the need for further improvements in ways to prevent SCI,
making open repair still a valid option in young very ﬁt
patients with very extensive disease. One of the issues
that needs consideration is the way the Crawford classi-
ﬁcation has been used. Reports on eTAAA often refer to
the extent of aortic coverage,23 but in this study the an-
eurysms were classiﬁed according to the pre-operative
anatomy as is customary in series of open TAAA repair.
For open repair, the Crawford classiﬁcation deﬁnes the
surgical approach and location of the anastomosis, but in
eTAAA the classiﬁcation often underestimates the degree
of aortic coverage. The design of current TAAA stentgrafts
requires additional aortic coverage to allow the branches
to open 10e20 mm away from the target artery. In
addition, the stentgraft needs to extend proximally and
distally to achieve adequate landing zones in non-
aneurysmal aorta. This means that the present series
does not include patients who received fenestrated stent
grafts for juxta- or para-renal aneurysms, even though the
actual aortic coverage in these cases often corresponds
that of an open type IV repair. The same is true for type I
TAAA treated by standard thoracic stent grafts. Unfortu-
nately, the length of the aortic coverage was not regis-
tered in the protocol. Another important issue is the
apparently high rate of complications. This is partially
caused by inclusion of all moderate complications in the
deﬁnition, therefore including all complications result inprolongation of the hospital stay by more than 24 hours.
Moreover, the majority of patients experiencing SCI were
also suffering other complications which led to the small
difference in the rate of complications and complications
excluding SCI.
There are some limitations to this study. There were
changes in the strategies to prevent SCI during the study,
which pose difﬁculties in identifying the strategies of most
signiﬁcance. Moreover, the time of onset of SCI symptoms
was not registered in the protocol nor was the association
with hemodynamic variations or the volume of CSF
drained. Finally, as in many of the TAAA reports, the
number of patients is relatively small, making the statistical
power of the analysis limited as evidenced by the wide
conﬁdence intervals of the odds ratios. Moreover, some of
the variables analyzed are interdependent, especially some
of the intra-operative ones. Attempts were made to
compensate for this using multivariate regression where
only the most representative of the clearly related vari-
ables were inserted into the model. However, this could
not completely eliminate the confounder effect because of
the nature of the procedure, which could be exempliﬁed by
the correlation between the intra-operative time and
bleeding. This would be linear if it was only caused by the
oozing from the introducer sheaths, but it is also inﬂu-
enced by any intra-operative adverse events or technical
difﬁculties.
In conclusion, eTAAA provides very good results con-
cerning peri-operative mortality but SCI is still a common
major complication. The development of SCI seems to be
associated with the extent of aortic disease and complexity
of the procedure. However, SCI incidence appears to
decrease with the introduction of a combination of peri-
operative measures and increasing experience. However,
there is still need for further improvements in the strategies
to decrease SCI after eTAAA. The implementation of a
standardized peri-operative protocol aiming at early SCI
detection seems to allow more frequent recovery from the
deﬁcits, including regaining ambulatory capacity. Further
studies are needed to identify further ways to limit SCI after
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